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TO: S Huili3111
FROM: K. Sahn/304.1
SURIECT: Radiation Report on HST/ADD

Part No. TYACRIQEA

Control No. 1(005A

cel A. Sharma/311.0

R. Williams/300.1
OFA Library/300.!

A tadiation evaluation was performed on DACR408A (D/A Converter) to determine the total dose tolerance of these
parts. A brief summary of the test results is provided below. For detailed information, refer to Tables [ through iV
and Figure 1.

The total dose testing was performed using a Co™ gamma ray source. During the radiation testing, three parts were
irradiated under bias (see Figure 1 for hias configuration), and two parts were used as control samples. The total
dose radiation levels were 0.5, 1, 1.5, 2,25 3, 4 3 & and 7 krads*. The dose rate was between 0.029 and 0,058
kradshour, depending on the total dose level, giving an cffoctive average dose rate of approximately 0.01
kradshanr (see Table 1T for tadistion schedule). After each radiation exposure parts were electrically tested
aceording tn the test eonditions and the specification limits** listed in Table 111

This radiation test is a continuation of that performed in PPMA95-151, dated May {8, 1995, using uniradiated
samples from the same LI Tn that tost, all irradiated parts exceeded specification limits for many test parameters
after the 1 krad irradiation. The effective average dosc rate in that test was approximately 0.07 kradsthour, which
was seven times greater than in the present test. In this test, smaller increments of radiation dose were used, and the
irradiated parts were annealed after cach irmadiation. This was done in an attempt to determing if the parts could
inlerate somewhat more total dosc radiation and show less degradation in J¢c and other radiation-sensitive
paramcters at 2, 3, 4, 5, 6 and 7 krads, which are the levels of interest for the project.

Al parts passed initial clectrical mcaserements,
All parts passed all cleetrical tests throughout all irradiation steps up to and including the 1 krad irradiation Ievel.

Afier the 1.5 krad irradiation, all irradiated parts exceeded the waximuin specification limit of +0.0010% nA for
PSR _D with readings ranging from 0.0014% to 0.0022%. In addilion SN 96 and 98 exceeded the maximum
specification lniit of £0.0010% for PSR_D with readings of 0.0011% and 0.0017%. After annealing for 24 hours at
25°C, all iradiated parts continued to exceed the maximum specification limit for PSR_P. with readings ranging
from 0.0015% to 0.0U22% and 5/N 96 and 98 exveeded the maximum specification limit for PSR D with readings
of 0,001 1% and 0.0017%. After annealing second time for 24 hours at 25°C, same degradarinn.cnntimmd.

*I'he terin rads, as used in this document, means rads(silicon). All radiation lovels cited are cumulative.
**These are manulaciurer's pre-irradiation data specification limits. No post-irradiation limits were provided by the
manulaciurer al the time these teats were performed.
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Afier the 2 krad irradiation, all irradiated parls exceeded the maximum specification for 'SR_B and PSE_ LY wilh
readings ranging fram 0.0014% to 0.0066% and 0.0051% w0 0.0067%. In addition all irradiated parts cxceeded the
tnaximum specification limit of 50 pA for ICC 5V with readings ranging from 78 jA ta 122 pA, and $/N 9%
exceeded the maximum specification limit of +G.0010% for PSR_A and PSR_C with readings of 0.0614% and
0.0010%. Alter annealing for 72 hours at 25°C, all parts continued (v degrade with the same parameters.

and ICC_5V with readings ranging from 0.0020% to 0.0032%, 0.0126% (o 0.0133%, 0.0110% to 0.0122% and 246
kA and 323 pA, and S/N 97 and 98 cxceeded the maximum specification limit for PSR C with readinga of 0.0011%
and 0.0016%,

In addition, afler the 2.5 Krad irradiation, all irradiated parts:

= exceeded the maximum specification Jimit of 50 pA for 1CC_OV with readings ranging from 89 pA to 123 1A

= exceeded the maximum specification limit of 50 pA for 10C OV with readings ranging from 89 pA 10 123 pA

*  excgeded Lthe maximum specification limit of £t Isb for GFSE_D with readings ranging from 1.03 lsh to 1.15
ish

= readings for INI. P are lcss than the minimum specitication limil of -0.25 Isb with rendings ranging from -
0.332 Isb to -0.431 isb

= readings for INL_I> are icss than the minimum specification limit of -0.25 1sb with readings ranging from -
1.353 Isb 1o -0.441 Ish.

In addition S/N 98 reading for INL_A is less than the minimum specification limit of -0.25 1sb with rcading of -
.287 Isb and the same part cxceeded the maximum specilication limit of -0.5 Ish far DML B and DNL_D with
readings of 0.503 1sh and 0.525 Ish.

Aller 3,4, 5, 6 and 7 Krad irradiation and annealing al least 24 hours at 25 °C after every iradiation step, all parts
conttnued to degrade in the above parameters.

‘Tuble TV provides a summary of the mean und slandard deviation values for cach parameter after different
irradiation exposures and annealing step, A vumparison of the degradation in the parts in this test vs, the previous
testing shaws that the parts exhibited less radiarion-induced degradation; for example, in the previous test, all parls
exceeded specification limits for foc aller | krad, whereas, in this test, the parts did not exceed specification limils
for Tee until after 2.5 krads irradiation. In addition, there werc no other failures at the' | krad level, aud the purts
remained functional throughout the test up to. 7 krads.

Any further details about this evaluation ean be abtained upon request, If you have any guestions, please call me at
(301} 731-8954,
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ADVISORY ON THE USE OF THIS DOCUMENT

The information contained in this document bus been developed solely for the
pumpase of providing general guidance to employees of the Goddard Space
Flight Center (GSFC). This document may be distributed outside GSFC only as
a courtesy to other government agencies and vonlractors. Any distribution of
this document, or application or use of the inlurmation contained herein, is
expressly conditional upon, and is subject to, the [ollowing understandings and
limitations:

(4) The information was developed for genera! guidance ouly and is subject to
change at any time;

(b) The information was developed under unique GSFC laboratory conditions
which may differ substantially from outside conditions;

(c) GSFC docs not warrant the aceuracy of the informiation when applied or
used under other than unique GSFC laboratory conditions;

{(d) The information should not be construed as a representation of product
performance by either GSFC or the manufacturer;

{¢) Neither the United Stales povernment nor any persan acfing on behalf of the
United States government assuines any liability resulting from the application or
usc of the information,
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TABLE 1. Part Information

Generic Part Number: DACBA03A
HST/ADD

Part Mumber: S902-89678D1 XA
HST/ADD

Control Number: 109954

Charpe Nuniber: CE61735
Manufacturer: Analog Devices [nc.
Lot Date Code: 9449

Quantity Tested: 5

Serial Numher of
Control Samplas: 80, &1

Serial Numbers of

Radiation Samples: _96, 97,98

Iart Function: D/A Converter
Part Technology: CMOS
Package Style: 28-pin DIP
Test Equipment; AS40

Test Engineer: | C. Mguyen

* No radiation tolerance/hardness was guaranteed by the manufacturer for this part.
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TABLE It. Radiation Schedule for DACE4UEA
EVENTS

IVINITIAL ELECTRICAL MEASUREMENTS

23 0.5 KRAD IRREADIATION ((1.079 KRADS/HOUR)
POST-0.5 KRAD ELLECTRICAL MEASUREMENT

3) § KRAD IRRADIATION (0,629 KRADS/HOURK}
POST-1 KRAD ELECTRICAL MEASUREMENT

4} 72-HOUK ANNEALING @25°C
POST-72 HOUR ANNEAL ELECTRICAL MEASUREMENT

5} 1.5 KRAD IRRADTATION (0.029 KRADS/HOUR)
POST-1.5 KRAD ELECTRICAL MEASUEEMENT

6) 24-IIOUR ANNEALING (@25°C
POST-24 HOUR ANNEAL ELECTRICAL MEASUREMENT

7) 24-HOUR ANNEALING @25°C
POST-24 HOUR ANNFAL ELECTRICAL MEASUREMENT

8£) 2 KRAD I[RRADIATICN (0.029 KRADS/HOUR}
POST-2 KRAD ELECTRICAL MEASUREMENT

¥} 72-HOUR, ANNEALING @25°C
POST-72 HOUR ANNFAL FLECTRICAL MEASUREMENT

{0} 2.5 KRAD IRRADIATION (0.029 KRADS/HOUR)
POST-2.5 KRAD ELECTRICAL MEASUREMENT

P} 24-HOUR ANNEALING @25°C
PO3T-24 HOUR ANNEAL ELECTRICAL MEASUREMENT

12) 3 KRAD IRBADIATION (0.029 KRADS/HOUR)
POST-3 KRAD CLECTRICAL MEASUREMENT

13) 24-HOUR ANNEALING @25°C
POST-24 HOUR AWNEAL FLECTRICAL MEASUREMENT

14) 72-HOUR ANNEALING @25°¢C
POST-72 IIOUR ANNEAL ELECTRICAL MEASUREMENT

15) 4 KRAD TRRADIATION (0.058 KRADS/HOUR)
POST-4 KRADN ELECTRICAL MEASUREMENT

16) 5 KRAD IRRADIATION (0.058 KRADS/HOUR)
PUST-5 KRAD ELECTRICAL MEASUREMENT

171 6 KRAD IRRANIATION (0.058 KRADS/HOUR)
POST-6 KRAD ELECTRICAL MEASUREMENT

18} 72-HOUR ANNEALING @25°C- '
POST-72 HOUR ANNEAL ELECTRICAL MEASUREMENT

19) 7 KRAD IRRADIATION (0,058 KRADS/HOUR)
POST-7 KRAD ELECTRICAL MEASUREMENT

FARTS WERE IRRADIATED ANI ANNEALED UNDER BIAS; SEE FIGURE 1,

DATE
07/05/93

07/05/95
07/06/95

07/05/95
NH0T/95

07/07/95
07/ 045

U7110/95
0711795

711195
(7412/95

012495
U7/ 13095

(7/13/95
(7/14/95

07/14/95
07117795

07/18/95
i7/19/93

07/20/95
U7/21/95

07/25/95
67/26/05

07/26/95
0727195

07/27/95
08/01/95

08/01/95
OR/Q2/95

08/02/95
0343195

NBAY305
08/04/95

08/05/95
TR

08/07/95
0B/08MYS

Total irradiation time = 34 days = 816 hours, Total radiation dose = 7 krads: Average dose rate = 0.0086 krads/hour
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Tahle 1. Elecirical Characteristics of DACEAUSA

Test Mame
lee_iv
lee 53W
Tee_wil
Ice_vih
lih DB7
lih ORA
lih LB5
lih DB4
Lih-DB2
lih DB2
Tih THAL
lih DBO
lih DS
lih DE2
lih ATE
lih RW_
Lt DB7
lil DBS
H DRS
I DB
liiDBBa
Ll OR2
Ll D5l
Iil DBO
il DS}
Iil D82
Tl AB_
id RW_
WVoh DB7
Yoh TIRG
Voh DBS
Yol DB4
Voh DB3
Voh DR2
Vah DRI
Yol DBO
Yol DB?
Wal DRé&
Yol DBS
Vol DB4
Yol DRI
Yol DRZ
Yol DR
Vol DBG
GSFE_A
GUFSE B
GFSE_C
GFSE_D
P'SH_A
PSR_B
PSR _C
PSR_D
INL_A
DHL_A
NL_E
DNL_B
INL
DHL_C
INL D
oML D

CLPOR TSV 28 DO

Min

=130 A
=100 A
100 paA
-1.00 pA
-L0 pA
100 pA
<100 pA
-1.O% pA
-£00 pA
L0 pA
<100 pA
-1.00 pA
-L.O0 pA
100 pA
-1 pA
100 pA
=L pA
=100 pA
140 pA
SO0 A
-LO0 pA
w00 A
180 pA

100 pA
400V

400 ¥
400V
.00V
4.MY
400V
100V
400V

=100 Ish

~1.00 15h

-1.001th

=100 1sb

L0010 %
-0.0010 %
= I %%
0.0010 %
-0.250 Isk
<050 Isk
=0.251 Ish
0500 1sb
0250 15k
-0.5040 Ish
-0.250 Ish
1 540 Ish

e

Max

50.00 pA
50.00 pA
.00 mA
§.00 mA
100 pA
1.00 pa
1.00 pA
L pA
100 pa
100 pA
500 uA
SO0 A
100 pA
100 pA
100 pA
1.00 pA
100 A
100 pA
100 pA
100 pA
1.00 pA
100 pA
100 A
100 pA
1.00 pA
100 A
100 pA
EAMI pA

0400V
040V
Q400 v
0400V
0400 Y
0.400 v
0400 v
0400V
1.00 Ish
1.00 ish
1.00 tsb
1.00 ish
0.0010 %
00010 %
00010 %
0.0010 %
0.250 Ish
0 500 Tsb
0,250 sl
0,504 15b
0.250 Ish
0.500 I<h
0.750 |<b
050 1k

Candition
Yin=00V
Vin=50V
Vin-0gV
Vin=24 YV
Vst~ 5.0V
Viest=50V
Viest =50V
Vist=50V
Viest= 5.0V
WViest=50Y
Vicst=50V
Viest=5.0V
Viest=30V
Viest= 3.0V
Wiest = 5.0V
Viest - 50V
Vigst=00V
Vst =00V
Yiest =00V
Viest=0.0V
Yiest=0.0Y
Wiest = (30 Y
Viest =00V
Viest=00Y
Vs =00V
Viest=00V
Viest = 0.0V
Vicsi=00¥
lout~0.4 mA
{out =04 mA
lout =04 mA
[vut= 0.4 mA
Iovt —~ 0.4 mA
inut =04 mA
laut= 0.4 mA
lout = 0.4 mA
[out= L& mA
laot = 1.6 mA
Inut= L. mA
[avt= L6 mA
Tout = 1.6 maA
lout = L6 inA

cpet= L6 mA

[owt — 1.6 mA

Giain crror DAC A
Gainenur DACB
Gainerror DAC C
Ciain ermar DA D
Delta VDD - +-10%
Dehia VDD = +£10%
Della VI = +-10%%
lta YO = +-10%



TABLE 1IV: Summary of Electrical Measurements after
Total Dose Exposures and Annealing for DACS408A /1

Toetal Tinse Exposure fkrads) Anmealing Rad level Aanealing Rad level
Initial 0.5 24 hrs X T2 hr 1.5

Tes: Spet. Lim.i2 ARsC @5t

#  Parpmeters’d Units  min max | mean ad mean AN sl meAn mean sd

1 e ov ua] - El R ' : Woor ARl '

2 (Tex 5V uA' - kil

3 Tec_wil mA - 1

4 |lec_vih mA - | ) t'Lcll]

5 [0ih DE 'Y -1 1

G |Bih 1§ A =1 1

7 {Tih AR wa| -1 1

& |Iih RW ua] -1 1

9 it DB aal -1 1

1 |1 DS w4l -1 1 0.05

11 |61 AR Al -1 1 0.0

12 Il W uA| -1 1 0.03

13 Voh DB ¥ 4

14 Vol DB vl -

15 [ GFSE_ A Lsiy -1

i |GFSE B Isb| -1

17 |GFEE T Ish] -1

19 |GFEE_D Ish| -t

19 |rSR_A v |-0n00

i FSR_T1 5] -0 Hi0

Zl [PSR.C Yo [=0.0010

12 |PSR_D % [-0.0010

13 |INL A Isk| 0135

24 [DNL_a sb| -5

15 |INL_B lab| 018

6 DML B [E14 =5

27 [N C sk -iL2§

18 |DNL_C Ish. %

% [INT._D Ish] -D.25

30 |DNT._D Ish| -5
Notes: :

1/ The mean and standard deviation values were calculated over the three parts irradiated in this testing.
The control samples remained constant throughout the testing and are ot included in this table.
2/ These are manufecturer's pre-irradiation data sheet specification limits. No post-irradiation limits were

provided by the manufacturer at the time the tests were performed.
3/ In this table, some test parameters have been combined for clarity. Complete results for all test parameters

arc available on request.

Radiation-sensitive parameters: Ice, Voh, GFSE, PSR, INL and DNL.
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TABLE IV: Summary of Electrical Measurements after
Total Dose Exposures and Annealing for DAC8408A /1

Annealing Bad Level  [Annealing Rad Level Rad Level  |Anncaling Rad Lovel

24 h | I 71 hrs 4 & TThrs 1
Test Spec. Lim.J2 @2meC " Esec B2EC
# FParameters’3 Units  min mAX - meED sl mean s mean ad ad sl
1 |Tec 0w ud, 50 g 19 [hasE Xl 2k 43
I |l=_5¥ wa| - 50 41 55 112
3 Jlee_wil ma| - i a 0.11
4 tleg vik [HEY - 1 000 I
¢ |lih DR up -1 1 .01 0.1
5 [Tk DE ud, -l 1 0.04 005 |
7 |lin AE_ ua| -1 1 0.0s 004
3 [3ih Rw_ wA| -1 1 .06
2 [Nl bB ua| -1 1 0.08
10 |ti1 DS va| -1 i 0.04
11 [1i1AR ual| -1 1 0ot
I |6t Rw_ wl 1 0.03
13 [¥eh DB vl 4 - 103
14 [vol DB v - 4 0 0.
15 GFSE A wh| -1 1 1S b 20
16 GFSE R " 1 031 A9
17 [GFSE C Ish] -1 1 122 | 1657
18 |GFSE_I» Isb| -I 1 ] a2 |ieazs
19 [PSR_A 1 [-0.0000] vonio§: SE-3 3
20 [rsn_ s % |-0.0010 D.OGID F:0034 . SE~4 | 0k | SE-5 |Hi0006 | LSE-3 | L0279 1E-3 | .I361] 563 [.B501 | 2763 |05 3E-3 [I0632
2l [PSR_C % [-0.0010] 0.0a10 | A 6E-3 | A[%
32 (PSR D % | -0.0010] D000 | | 3IE-3] 0582 | 4.3E)
23 [INL A Ish| 025 | 925 106 :
24 Dy A ki & 5 54,1
25 INL & b’ -0.25 | 025 .03
26 |[DNL B lshy -5 5 0.03
27 JINL_C Isb| -0.25 | 0.2% 90.9
3 [DNL Isu| -5 5 13
1 JINL_D 2 -D25 | 028 0.07
30 [prL_D lsh| -5 | s .05
MNotes:

I/ The mean and standard deviation values were calculated over the three parts trradiated tn this testing.
The control samples remained constant throughout the testing and are not included in this table.
2/ These are manufacturer's pre-irradiation data sheet specification limits. No post-irradiation Hmits were

previded by the manufacturer at the time the tests were performed.

3/ In this table, some test parameters have been combined for clarity. Complete results for all test parameters

are available on request.

Radiation-sensitive parameters: Icc, Voh, GFSE, PSR, INL and DNL.
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Figure 1. Radianion Bias Circuit for DACEA08A
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